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(54) SOLID ELECTROLYTIC SECONDARY CELL 

(57)Abstract: 

PURPOSE: To provide a solid electrolytic secondary cell 
improving a charge/ discharge characteristic and 
charge/discharge cycle characteristic. ■ 

CONSTITUTION: In a solid electrolytic secondary cell comprising 
a positive electrode, nega tive electro de using a carbon material 
capable of storing/releasing a lithium ion to serve as the 
electrode material and a high polymer solid electrolyte, ajiihiufl]_ 

_ion permeable_carbon thin film is formed in a surface of the . 

/ ^egatiYje^ele^tr ode. In this way, connectability of an interface 
between the negative electrode and the high polymer solid — 
electrolyte is improved. ^ M 
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[CONSTITUTION] 

It is the solid-electrolyte secondary cell 
equipped with the positive electrode, the 
negative plate which makes an electrode 
material occlusion and the carbon material 
which can be discharged for a lithium ion, and 
the solid polymer electrolyte, comprised such 
that the carbon thin film of a lithium ionic 
permeability is formed in the surface of said 
negative plate. 



mm 



[ADVANTAGE] 

Since bondability of the boundary surface of a 
negative plate and a solid polymer electrolyte is 
good, it is excellent in charge-and-discharge 
characteristics and charge-and-discharge cycle 
characteristics. 
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Horizontal axis: Charge-and-discharge capacity 
Solid line: battery A of this invention 
Broken line: Comparison battery B 
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[CLAIM 1] 

A solid-electrolyte secondary cell comprising a 
solid-electrolyte secondary cell equipped with a 
positive electrode, a negative plate which 
makes an electrode material occlusion and a 
carbon material which can be discharged for a 
lithium ion, and a solid polymer electrolyte, in 
which a ca rbon thin film of a lith ium ionic 
permeability is formed in the surface of said 
negative plate. 



[CLAIM 2] 

The solid-electrolyte secondary cell of Claim 1 
which is the thin film which said carbo nthin film 
turns into from an amorphous carbon. 



[§S*«3] 

mtmMM^mm^ h & & mm 
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[CLAIM 3] 

The solid-electrolyte secondary cell of Claim 2 
which is the film thickness of 0.25 to 1.0 
micrometer of a thin film which consists of said 
amorphous carbon. 
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[CLAIM 4] 

The so I id -electrolyte secondary cell in any one 
of Claim 1-3 with which said solid polymer 
electrolyte mixes the lithium salt of a 
fluorine-containing Lewis' acid chosen as the 
polyethylene oxide, the polypropylene oxide, or 
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y/i/tP^^iyf 1 )'^, methansulfonic acid lithium, 

^■y jvjruTV^^vWV hexafluoro-phosphate lithium, a lithium 

A^(/^^t7/KtPt:iyf tetrafluoroborate, hexafluoro antimonic-acid 

Mi*hM&Mz7 yM'&^fc lithium, and hexafluoro acid lithium, or a lithium 

4 *&<D !) 9 J*&^ Xfo. iS perchlorate. 



[I#*JI5] [CLAIMS] 

Wfd,Mft^\$i$WM9['fi*'$fc7'v The solid-electrolyte secondary cell in any one 

h:H4<7>SK£^#^£^i4fc of Claim 1-3 which is the gel-form solid 

WiW^MW^hhWMWl 1 ~~ 3 electrolyte to which said solid polymer 

M^-fM^t^cojMt^MMW electrolyte contains an aprotic solvent. 



[DETAILED DESCRIPTION of the 
INVENTION] 
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[INDUSTRIAL APPLICATION] 

This invention relates to improvement of 
bondability (adhesiveness) of the negative plate 
and solid electrolyte for particularly providing 
the solid-electrolyte secondary cell which was 
excellent in charge-and-discharge 
characteristics and charge-and-discharge cycle 
characteristics with respect to the 
solid-electrolyte secondary cell equipped with 
the negative plate which makes an electrode 
material occlusion and the carbon material 
which can be discharged for a lithium ion. 
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[PRIOR ART and PROBLEM to be solved] 

In recent years, it has been observed that with 



i#?fft£ftx."CIII{£ The solid-electrolyte secondary cell which uses 



a solid electrolyte instead of a liquid electrolyte 
There are no worries about a liquid leak and 
they are position free. 
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[0003] 

However, the electric conductivity of a solid 
electrolyte is markedly low compared with that 
of a liquid electrolyte. 

Moreover, a solid electrolyte, since bondability 
of an electrode, especially a negative plate, is 
not good, if the resistance of both boundary 
surface is strong and moreover repeats a 
charge-and-discharge cycle, an impurity will be 
gradually accumulated in this boundary surface, 
and this resistance further becomes bigger. 
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®jfi> [l^SfifSf^^iWv^ Recently, about the electric conductivity of a 

^T&, ^f^it^H'x'CX 9 solid electrolyte, it has improved considerably 

t9'&WtStiX$X^^%$\ lift: according to a gelling etc. 

MMWkMMt(DW;-nVkl^\j^ However, the still effective remedy is not 

Xi$, ^fc#^&&#Sr#*.i,ffi discovered about bondability of a solid 



electrolyte and a negative plate. 



[0 0 0 5] [0005] 

Z<Dtztb^ %£M<Dl%$$ftW£M For this reason, the solid-electrolyte secondary 

Wtffflb^&JMifcWfflWZLTlk'iSi cell which makes the conventional carbon 

fttLfi, 3t1&W,$?¥k, b*9fc>ty:k material negative-plate material is considerably 
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iMV<D3Etkfi,%f\!!Es RXf^ttk inferior compared with charge-and-discharge 

characteristics and this kind with which the 
charge-and-discharge characteristics and 
charge-and-discharge cycle characteristics in a 
heavy current used the liquid electrolyte of 
secondary cell especially, it became a big neck 
when this attains utilization of a solid-electrolyte 
secondary cell. 



[0 0 0 6] [0006] 

^3£fWf3u ^.bo^fftc^^^ This invention was taken into consideration with 
£ fife twt'fcot^ @ Kl the above situation and made, comprised such 
k~t% t r.5fiu 2£SS$t#tt& that the place made into the objective is to 
^S&UlM ^/M^tt^fM^/- provide the solid-electrolyte secondary cell 
&$MMW-~fcMifo%ffl:{&~f~& which was excellent in charge-and-discharge 

characteristics and charge-and-discharge cycle 

characteristics. 



[0 0 0 7] 



[0007] 



icii^i^ii w - * m mi 
> % m Wlrvwl m -r £ r t & ^ 



[MEANS to solve the Problem] 

The solid-electrolyte secondary cell based on 
this invention for attaining the above-mentioned 
objective (the "this invention battery" is called 
hereafter.) 

This is the solid-electrolyte secondary cell 
equipped with the positive electrode, the 
negative plate which makes an electrode 
material occlusion and the carbon material 
which can be discharged for a lithium ion, and 
the solid polymer electrolyte, comprised such 
that it comes to form the carbon thin film of a 
lithium ionic permeability in the surface of said 
negative plate. 



5/30/2003 



8/23 



(C) DERWENT 



JP8-124597-A 



[0 0 0 8] 

^mmmm(DiEm^ y^^ 

^i^^^vSft;* (l 

iMnOz, L i Mn 2 0 4 & 

£') .z^# ~ y fr/umik 
m (LiNi 0 2 ft if) ; y 
A$t^^ MKfcft (LiC 
o 0 2 ft if) ; -^Wi>\ 

%%m®&mmm\m a. i 2 

N i C o O4 ft if). WJ^H 

3 C 
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[0008] 

The positive electrode of this invention battery 
repeats a lithium ion, and in particular if it is 
occlusion and the thing which can be 
discharged, it will not be limited. 
As an active material used for this positive 
electrode, they are lithium containing 
manganese oxides (LiMn02, LiMn 2 04,.etc.).; 
Lithium containing nickel oxides (LiNi0 2 etc.); 
Lithium containing cobalt oxides (LiCo0 2 etc.); 
It illustrates lithium containing transition-metal 
complex oxide (Li 2 NiCo0 4 etc.) which carries 
out at least 2 type containing of the transition 
metal of manganese, nickel, and cobalt. 



[0 0 0 9]. 

^\ 

[0010] 

mimcmh&tth^ y^ 



[0009] 

Considering the lithium ion used as an 
electrode material of a negative plate as 
occlusion and a carbon material which can be 
discharged, crystalline carbons, such as black 
lead, coke, and an organic substance baked 
object, are mentioned as a suitable thing, black 
lead is especially preferable at the point that a 
capacity is large. 

[0010] 

In partic ular the carbon thin fjlmJo rmed on the, 
surface of a negative pl_ai ej s_ not limited. 
However, while being excellent in membranous 
flatness, the thin film which consists of an 
amorphous carbon (amorphous carbon) which 



is excellent in the permeability of a lithium ion is 
desirable. 
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The thin film which this reason becomes from a 
crystalline carbon is a little inferior to surface 
flatness. 

Therefore, while bondability with a solid polymer 
electrolyte is not good compared with an 
amorphous carbon, lithium is intercalated and 
accumulated in the interlayer of a crystalline 
carbon at the time of a charge and discharge, it 
is because there is a possibility that lithium may 
carry out an electrocrystallization to the surface 
of a carbon thin film, and a dendrite may arise. 



[0011] 

$MK£^J$ The suitable film thickness of the carbon thin 
fewaa^Sfti&iffi film in the case of forming a carbon thin film with 



[ 0 0 .1 1. ] 

JPfiO. 25^1. 0 i±n\Xfo an amorphous carbon^are^ 0.25 to 1.0 
3c )kMWWk(DWkW.ft w (PflSffl jnicrom eter. " 
&$\*fri~6 t , &l$L't If the film thickness of a carbon thin film remove 

^Si5lc, JtJfcftlM ^/M# from this range, charge-and-discharge cycle 
te#*IK characteristics will worsen so that it may see in 

the Example which carries out a postscript. 



[0 0 12] 

(Polymer Electrolyte)£>f^W 

Kh^tLXtt, afry^vi/ 
shfr^K (PEO), t" 
(PPO), a: 
^i/W S v (PE I) 4$<DM 

f-yx/ufc^WiV?- 1 ?-** (L i 

CF3 SO3 ), — 

y (L i PF 6 ), 

(L i B F 4 h ^ *y-y tvirvL 
T>i-*ymi) : f-$J* (L i s 



[0012] 

As a typical thing of the above-mentioned solid 
polymer electrolyte (Polymer Electrolyte), to 
high molecular compounds, such as a 
polyethylene oxide (PEO), a polypropylene 
oxide (PPO), and a polyethylene imine (PEI), 
trifluoro methansulfonic acid lithium (LiCF 3 
S0 3 ), hexafluoro-phosphate lithium (LiPF 6 ), 
lithium tetrafluoroborate (LiBF 4 ), hexafluoro 
antimonic-acid lithium (LiSbFe ), what mixed 
lithium hexafluoro arsenate (LiAsF 6 ) etc. (the 
lithium salt or lithium perchlorate (LiCI0 4 ) of a 
fluorine-containing Lewis' acid) is mentioned. 
However, it is not limited in particular to these. 
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[0013] 



[0013] 

The above-mentioned solid polymer electrolyte 
is made to impregnate aprotic solvent, such as 
a propylene carbonate, an ethylene carbonate, 
a (gamma)- butyrolactone, a dimethyl 
carbonate, dimethyl sulfoxide, and acetonitrile. 
And it may gelatinize. 

A gelling can raise the electric conductivity of a 
solid polymer electrolyte. 



[0 0 14] 



[0014] 



am] 

J::.)o £ fc, j^#<7>#SJ(C^#E«I 



[OPERATION] 

The carbon thin film of a lithium ionic 
permeability is formed in this surface of the 
negative plate which has a concavity and 
convexity on the surface which makes a carbon 
material an electrode material, and it planarizes 
this surface. 

Therefore, bondability or adhesiveness of a 
negative plate and a solid polymer electrolyte 
improves, the resistance of both boundary 
surface becomes smaller (improvement of 
charge-and-discharge characteristics). 
Moreover, since it is difficult to generate an 
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ft 5 (3ttkWLy~'< ^/M^t^f"! impurity (resistor) to both boundary surface, 
h) 0 even if it repeats a charge and discharge, the 

resistance of both boundary surface stops being 
able to increase easily (improvement of 
charge-and-discharge cycle characteristics). 

[0 0 151 [0015] 



VMmm\ [EXAMPLES] 

£*T\ &'M1fc$i\z.3!£<$\t ^ Hereafter, this invention is further demonstrated 

T £ b Kt$MKf&®M~t Z> & s * in detail based on an Example. 

&WfoTt&MMWz.fiIbfflLl£& However, this invention is not limited to the 

h<7)~C&?£< , %;(7)Wm'& following Example at all, in the range which 

W!t\^t&^^M\^&^XW£M does not alter the summary, can be altered 

XLTH'ife'fS - t #5"TSs&t> suitably and can be implemented. 

[0016] (MMM) [0016] (Example) 

[IESi<7M / RK] [Production of a positive electrode] 

jQ£Sf£^Sf£ LX(D^/S/v hWS. The lithium-cobaltate (LiCo0 2 ) powder as a 

y ^ty J* (L i C0O2) t&'ifc" positive electrode active material, the carbon 

t , SgfBSi t \^X<D$i'M%&M t , powder as an electroconductive medicine, and 
$aM-M t LX(7)tf y 7 yit t the polyvinylidene fluoride as a binder are 

y 7*1/ k £r > MMit 8 5:10: mixed by the weight ratio 85:10:5, after applying 
SXM-a-L, UbtifcM the obtained blend to a positive-electrode 

Y# 9— ~J K^^TjEffi H collector (ferritic stainless steel) in a doctor 

it#: (7*7 -i b&T.T'^UT, blade method, it dried by 1 50°C for 2 hours, and 

£H) tci^U Lfc^L 15 0° C the positive electrode of the shape of a circular 

"C2fl#|ifflS£jB6 LTJ?£^j9 0 a film of about 90 micrometer in thickness and 

itk WM 1 0 mm(OP]|7>f diameter 10 mm was produced. 

[0 0 17] [0017] 
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11®* (W-mm. :10n m) 
t^yf^i^ fi*J£9 5 : 

«N) tc»Lfc^, 15 0° C 
m, iiSl 0mm<DF\M7s(/l> 



[Production fan gativ plat ] 

A graphite powder (average particle diameter: 
10 micrometer) and the polyvinylidene fluoride 
as a binder are mixed by the weight ratio 95:5, 
after applying the obtained blend to a 
negative-plate collector (ferritic stainless steel) 
in a doctor blade method, it dried by 150°C for 2 
hours, and the negative plate of the shape of a 
circular film of about 70 micrometer in thickness 
and diameter 10 mm was produced. 




[0018] [0018] 

Tf££)$e 1 §k\% Subsequently, it sputtered on the conditions 

X^^y^ D yP&ffoX* ft shown in the following table 1,, a nd the carbon 

£1 <D : Mffl ^ # tli S '/£ $< ^ # 31 b & thin film with a filmj hickness of 1 . 0 m icr omete r 

<SHi?: i . o a m(Dfi>WW^%: which consist of an amorphous carbon on the 

; L/c c surface of a negative plate was formed. 



[0 0 19] 



[0019] 



[TABLE 1] 





2^10*' Torr 


A r tfaffi 


1 . 5X10 ''Torr 








1 0 OW 




1 2 0 



Column 1: attained degree of vacuum, Ar gas pressure, Substrate temperature, 
RF power, Sputtering rate, 
Column 2: Room temperature 
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{ Mft T-mPfMM f S<Vi / £W:] [Production of a solid polymer electrolyte] 

^Lf-uy^ — ^^— h 4 0 0 m To 3 weight-parts of solution that dissolved 1 

3 t ^ tK^— K6 0 mol of LiCIO in 1000 ml of mixed solvents of 

0 m 1 t OMnW-M 1 0 0 0m ethylene carbonate 400 ml and dimethyl 

1 L i C 1 CU & 1 tfrWlfr carbonate 600 ml, 1 weight-part of polyethylene 
Lfzf&iik 3 TSUiaBi^ /Kyxf oxides is immersed, and the solid polymer 
U iy K 1 MlkM'&WM L electrolyte (gel-form solid electrolyte) of the 

|^IVlOO/;ra, KBH shape of a circular film of about .100 

OmmWFlf micrometers in thickness and diameter 10 mm 

'(•mfcMM'K was produced. 
ft) Srf^JHUfco 

[0 0 2 1] [0021] 



[MWL<DifM] [Production of a battery] 

J:.jfE<^iE8L filMRUMftl-S Using a positive electrode, the 

f£l!$?W£ffi#l LTS¥S^* above-mentioned negative plate, and the 

■SSBfliBftfLA ([IftlSflfK'll&IB above-mentioned solid polymer electrolyte, this 

ffll) (Hfti^fffi : flat type invention battery A (solid-electrolyte 

J|^1.6mmji:f.2 0ni.m)c secondary cell) was assembled (battery 

dimension: thickness 1 .6 mm, diameter 20 mm). 

[0 0 2 2] [0022] 

Hj 1 li, MfyiLXfz.^WMMNl FIG. 1 is a sectional drawing which shows 

A^tl &$)lcjr<-^WrMM~z: fo prototypically the assembled battery A of this 

<9, l/TW«Pj]liAli, IE invention. 

K .^ffi 2 s d #1 b PISS* 1 , This invention battery A of illustration consists of 

2 ^SiM-itF^Sfft^^llf^ a positive electrode 1, a negative plate 2, a solid 

MM'M. 3 , liiifiiftr 4 N ^HfE 5 . polymer electrolyte 3 which separates these 

jEti&MWiifc 6 , ^fi* MVLfc 7 R electrodes 1 and 2 mutually, a positive pole can 

t^/K y t" l/V'McoffeU/^ 5/ 4, a negative pole can 5, the positive-electrode 

^yVS t£¥frbt£Z> 0 collector 6, a negative-plate collector 7, and 
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insulated packings 8 made from 
polypropylene. 



[0 0 2 3] 

11 1 fiiESffimft 6 £^ LTIE 
£iEffiffi-4&tf:ftJ£ffi 



[0 0 2 4] 



[0023] 

It accommodates the positive electrode 1 and 
the negative plate 2 in the battery case which it 
opposes through a solid polymer electrolyte 3, 
and the positive-and/or-negative two-poles jars 
4 and 5 form, a positive electrode 1 is 
connected to a positive pole can 4 through the 
positive-electrode collector 6, and a negative 
plate 2 is connected to a negative pole can 5 
through the negative-plate collector 7, and the 
chemical energy produced inside the battery 
can be taken out now from the both terminals of 
a positive pole can 4 and a negative pole can 5 
to the exterior as an electrical energy. 

[0024] 

(Comparative Example) 

It is made to be the same as that of an Example 
except having not formed a carbon thin film on 
the surface of the negative plate, the 
comparison battery B was assembled. 



[0 0 2 5] 

mm a Rmtmmm b ^%mv^ 

m^Mmrnp (s/cm) <r>n 
mnm dogp) *\ ttm 

(fttC 1 0 0 0/T (T : 



[0025] 

<Arrhenius plot> 

The arrhenius plot in the charging state (state 
which Ce Li generated to the negative plate) of 
this invention battery A and the comparison 
battery B is shown in FIG. 2. 
FIG. 2 took and showed the common logarithm 
(log (rho)) of an electric conductivity (rho) 
(S/cm) to the vertical axis, and took and showed 
1000-/T (T: absolute temperature) on the 
horizontal axis. 
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£ 710 j* U 4 fj > o 7t Jt R»ffe B l^- 
Wffi^^«u,riftv^ otitis 

tfitm^ L fc tf: i: # & 6 ix 
5o 



As shown in FIG. 2, compared with the 
comparison battery B which did not form a 
carbon thin film on the surface of the negative 
plate, this invention battery A in which the 
carbon thin film was formed on the surface of 
the negative plate is not concerned with a 
Measurement temperature, but its electric 
conductivity is high generally. 
According to formation of a carbon thin film, 
since the resistance of the boundary surface of 
a negative plate and a solid polymer electrolyte 
reduced, this is considered. 



[0 0 2 6] 

«»Aso«jtRB«&BSr, urn 

2 5 C C^T, aSf£*S5 0 0 
M A/cm 2 T?4. 2 OVSt? 

^ittt; assess oo n 

A/cm 2 -C2. 5 0V|tt 

lit, ^ii^iMWl 



[0026] 

<Charge-and-discharge characteristics of each 
battery > 

After charging this invention battery A and the 
comparison battery B to 4.20V at temperature 
25°C and current-density 500 micronA/cm, it 
discharges to 2.50V by, current-density 500 
micronA/cm. 

The charge-and-discharge characteristics of 
each battery were investigated. 
The result is shown in FIG. 3. 



[0 0 2 7] 

mmcmmmj± (v) 

^«^5t«r^a (mAh/c 
m 2 ) ^tot^lt^77-C 
111 3 J: 9, «WA 
teifcRW&BKlJt^T, SSfeffl 

<5 e 



[0027] 

FIG. 3 is the diagrammatic chart which the cell 
voltage (V) was taken along the ordinate, and it 
took the charge-and-discharge capacity 
(mAh/cm 2 ) along the horizontal axis, and 
showed the charge-and-discharge 
characteristics of each battery. 
FIG. 3 shows that this invention battery A is 
excellent in charge-and-discharge 
characteristics compared with the comparison 
battery B. 
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[0 0 2 8] 

BfcO^T Jftffi2 5° CKT, 
BiSffitt 5 0 0 ^ A/ c m 2 -C 
4. 2 0V*r-*tUl ® 
^SS: o 0 0 m A / cm 2 
2. 5 0 V*trSctt1-5Xa& 



[0028] 

<Charge-and-discharge cycle characteristics of 
each battery> 

About this invention battery A and the 
comparison battery B, with temperature 25°C, 
after charging to 4.20V by, current-density 500 
micronA/cm, with current-density 500 
micron A/cm, the charge-and-discharge cycle 
which makes 1 cycle the process which 
discharges to 2.50V is examined, the 
charge-and-discharge cycle characteristics of 
each battery were investigated: 
A result is shown in FIG. 4. 



[0 0 2 9] 

mmzim®* (m 

Ah/ cm 2 ) Sr, 
iM^A-tt (HI) £r£roT>^L 



[0029] 

FIG. 4 is the diagrammatic chart which took and 
showed the charge-and-discharge cycle 
characteristics of each battery, and took and 
showed the discharge capacity (mAh/cm 2 ) to 
the vertical axis, and took and showed the 
number of cycles (time) on the horizontal axis. 
FIG. 4 shows that this invention battery A is 
excellent in charge-and-discharge cycle 
characteristics compared with the comparison 
battery B. 



[0 0 3 0] 

25/im, 0. 5jum N 0. 7 
5 (j. itk .1 . 2 5 u mXfll. - . 



[0030] 

<The film thickness of a carbon thin film, and 
the relationship of charge-and-discharge cycle 
characteristics> 

The film thickness of the carbon thin film formed 
on the surface of a negative plate are made to 

5 nmk LtzZL bSlftteMffiityl be the same as that of an Example except 
t IpJSK-- L X, lli£®ft¥St~ft having been referred to as 0.25 micrometer, 0.5 
WM&{T~M Lfzo micrometer, 0.75 micrometer, 1.25 micrometer, 
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or 1.5 micrometer, the solid-electrolyte 
secondary cell was produced. 

[ 0 0 3 1 ] [0031] 

&l^T\ ifckffl'Cfe&wjtl&W, Subsequently, the charge-and-discharge cycle 

1M ^ /M^S&iHto"T\ of the same conditions as the point was 

CDty]$8M1klcMi~ & 5 0 1M ^ examined, and it found for the 50-cycle capacity 

/vi^ttlW (%) maintenance percentage (%) with respect to the 

fc 0 S^^rlH 5 Ed/^-^e initial-stage capacity of each battery. 

UofcfL «PJ1IMlA A result is shown in FIG. 5. 

v#fHcofliJ¥ : 1. Onm) RtK In addition, in FIG. 5,50-cycle capacity 

J£RIE?tilB (I^^SSIlf <£>HSJ? : maintenance factor of this invention battery A 

.Ofim) (05 0f>f ^/HWS (film thickness of a carbon thin film: 1.0 

fi*tt¥^t>^ LXfcSo micrometer) and the comparison battery B (film 

thickness of a carbon thin film: 0 micrometer) is 

also shown. 

[0 0 3 2] [0032] 

H)5^ N jkMoM®^Mf&~$~& FIG. 5 is the diagrammatic chart which took 
$c^3fj|§^K¥ t itMcM^^ 9 capacity maintenance percentage (%) along the 
/M$tt<OB8ffiSr, tKttid$**t ordinate, and took the film thickness 
(%) £fc1SttU:$* (micrometer) of a carbon thin film along the 
WS&>WkW {f.tm) ^ri:o"C^ horizontal axis, and showed the film thickness 
\^Tz J / y yrsfoh* §fi#£#f^ of a carbon thin film and the relationship of 
8 0 %&T('d/ c co/-Bf t> charge-and-discharge cycle characteristics 
of — f&iC^ikMftlkVlfflr^ti which are formed on the surface of a negative 
S Z t £%JlirtU3\ B35 <t *9 . ■ plate. 

^ |g to 33f 0. .2 5- If it considers that a capacity maintenance 
1 . 0 \x m<Z)$Gl$£i~<S z t factor has by the point in time which became 
L^I (h^^^^So 80 % or less, and is generally judged to be a 

degradation battery, the film thickness of a 
carbon thin film are understood that it is 
desirable to consider as the range of 0.25 to 1 .0 
micrometer from FIG. 5. 

[0 0 3 3] [0033] 
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±MMM&lXit y x In the above-mentioned Example, the carbon 

'< v $ y y'/lcX VMrfcL fz thin film was formed by sputtering. 

/j\ ik'^MMfe (CVD) However, it can do from a forming-by other 

WbOjjfelc J: 9^^ci"S - <t procedure, such as chemical vapor deposition 

1 1 <fc "9 T5T«BT*fc5 0 (CVD), peach. 



[0 0 3 4] 



[0034] 



[ADVANTAGE of the Invention] 

Since this invention battery has good 
bondability of the boundary surface of a 
negative plate and a solid polymer electrolyte, it 
is excellent in charge-and-discharge 
characteristics and charge-and-discharge cycle 
characteristics. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[Hi] 

mmm xm^ &xiz m^rnv # 



[FIG. 1] 

It is sectional drawing of this invention battery 
(solid-electrolyte secondary cell) of a flat type 
assembled in the Example. 



[12]. [FIG. 2] 
MMi¥ l \ "CfiL^ xl X fz $}] 18 It is the arrhenius plot of this invention battery 

lkX$)fcWtWftL<07 U—^Ts-f u assembled in the Example, and a comparison 

y hXfo& 0 battery. 



[113] 

mm\ x*m& & x tz mm 



[FIG 3] 

It is the diagrammatic chart which showed the 



ST^JtKS^^^fttt^tt^r^ charge-and-discharge characteristics of this 



Ltz^yyXfoZ> n 



invention battery assembled in the Example, 
and a comparison battery. 
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[14] [FIG. 4] 

MM$$~CMfyvrCtz&WMWLM It is the diagrammatic chart which showed the 
RT^kk&MyfoOjtbkM-V' 4 9 ^ charge-and-discharge cycle characteristics of 
££/7> Ltz^y yxs foho this invention battery assembled in the 

Example, and a comparison battery. 



[HI 5] [FIGS] 

jkMv>MM^Mf$^&i% : MM^ It is the diagrammatic chart which showed the 
(T)M:W-t%tk^y^ V fr^ } k<0 film thickness of a carbon thin film and the 
%^C7i< LfzJfy yxsfo&o relationship of charge-and-discharge cycle 

characteristics which are formed on the surface 
of a negative plate. 



mi] 



[FIG. 1] 




[H2] 



[FIG. 2] 
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2.9 3.0 S.1 3.2 3.3 3* 
1 0 0 0/T CI /KJ 

Black triangle: Battery A of this invention 
Uncolored square: Comparative battery B 



[B3] 



[Fia 3] 




0 1.0 2.0 10 



Vertical: Cell voltage 

Horizontal axis: Charge-and-discharge capacity 
Solid line: battery A of this invention 
Broken line: Comparison battery B 



[114] [FIG. 4] 
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Vertical axis: Discharge capacity 
Horizontal axis: The number of cycles (time) 
Top curve: Battery A of this invention 
Bottom curve: Comparative battery B 



15] 



[FIG. 5] 
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50-cycle capacity maintenance factor 
Film thickness of a carbon thin film 
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